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South Wales was associated
short-term improvements in
health of children in particip
families using a number of ma
including any changes in episo
illness, episodes of common c
conditions, prescription of ant1) · 8 July 2013Objective:  To evaluate the impact of a fruit and vegetable subsidy program on 
short-term health outcomes of disadvantaged Aboriginal children.
Design, setting and participants: A before-and-after study involving clinical 
assessments, health record audits and blood testing of all children aged 0–17 
years (n = 167) from 55 participating families at baseline and after 12 months at 
three Aboriginal community-controlled health services in New South Wales. All 
assessments were completed between December 2008 and September 2010.
Intervention: A weekly box of subsidised fruit and vegetables linked to preventive 
health services and nutrition promotion at an Aboriginal Medical Service.
Main outcome measures: Change in episodes of illness, health service and 
emergency department attendances, antibiotic prescriptions and 
anthropometry.
Results: There was a significant decrease in oral antibiotics prescribed 
(0.5 prescriptions/year; 95% CI, 0.8 to 0.2) during 12 months of participation 
in the program compared with the 12 months before the program. The proportion 
of children classified as overweight or obese at baseline was 28.3% (38/134) 
and the proportion in each weight category did not change (P = 0.721) after 
12 months. A small but significant increase in mean haemoglobin level (3.1 g/L; 
95% CI, 1.4–4.8 g/L) was shown, although the proportion with iron deficiency 
(baseline, 41%; follow-up, 37%; P = 0.440) and anaemia (baseline, 8%; 
follow-up, 5%; P = 0.453) did not change significantly.
Conclusion: This fruit and vegetable subsidy program was associated with 
improvements in some indicators of short-term health status among 
disadvantaged Aboriginal children. A controlled trial is warranted to investigate 
the sustainability and feasibility of healthy food subsidy programs in Australia.
Abstractn 
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ate
of no
I high-income countries, lowercioeconomic status is associ-d with both higher prevalence
n-communicable diseases and
less-healthy dietary intake.1 In this
context, promoting healthier nutri-
tion, particularly increasing the
intake of fruits and vegetables, has
become an important public health
priority.2 For those on low incomes,
it has been argued that the cost of
healthier foods is an important bar-
rier to improving nutrition.3 Though
not widely implemented in Aus-
tralia, food subsidy programs are
one strategy with the potential to
improve socioeconomic inequalities
in dietary intake.
In 2005, a rural Aboriginal com-
munity-controlled health service
initiated a program for providing
subsidised fruits and vegetables to
improve nutrition among disadvan-
taged Aboriginal families. This pro-
gram aimed to engage families in
preventive health care in partner-
ship with the health service while
also addressing the barrier of the
cost of healthier food choices.
Our previously published evalua-
tion of this program demonstrated
improvements in biomarkers of fruit
and vegetable intake among chil-
dren.4 We were also interested in
whether there were short-term
health benefits of this program,
which may have been indicative of
enhanced funct ioning  of  the
immune system due to improved
nutritional status.5
Here, we report on whether par-
ticipation in this fruit and vegetable
subsidy program in northern New
 with
 the
ating
rkers,
des of
linical
ibiot-
ics and the prevalence of anaemia
and iron deficiency.
Methods
The fruit and vegetable subsidy 
program
In 2005, the Bulgarr Ngaru Medical
Aboriginal Corporation established a
fruit and vegetable subsidy program
for low-income Aboriginal families in
the Clarence Valley, NSW. The pro-
gram combined annual health assess-
ments, including dental and hearing
check-ups, with receiving a weekly
box of subsidised fruits and vege-
tables. Participating families collected
boxes of seasonal fruits and vege-
tables (worth $40 if 1–4 children, or
$60 if  5 children) at local greengro-
cers, making a copayment of $5.
Complementary seasonal recipes and
practical cooking and nutrition educa-
tion sessions facilitated by dietitians
were provided. This is an ongoing
program in the Clarence Valley; how-
ever, our evaluation involved new
families receiving weekly boxes of
fruits and vegetables over 12 months
with children having health assess-
ments at baseline and after 12
months. The recruitment and baseline
assessments were undertaken
between December 2008 and Sep-
tember 2009, with follow-up assess-
ments completed between December
2009 and September 2010.
Additional funding enabled the
Galambila Aboriginal Health Service
in Coffs Harbour and the Giingan
Darrunday Marlaanggu Aboriginal
Health Clinic at Bowraville in the
Nambucca Valley to institute similar
fruit and vegetable subsidy programs.
These health services also participated
in this evaluation study. The availabil-
ity of and arrangements with green-
groce r s  va r i ed  be tween  the
communities. In Coffs Harbour, fami-
lies received vouchers from the health
service, which they redeemed at the
greengrocer by selecting their own
fruits and vegetables. In the Nam-
bucca Valley, the greengrocer was in a
Researchdifferent town to the health service, so
the health service staff collected and
delivered the boxes of fruits and vege-
tables to families at their homes and
collected the $5 contribution from
them.
Participants
The participants were low-income (ie,
unemployed or receiving pensions)
Aboriginal families with one or more
children  17 years of age who were
regular patients at the respective
health services. Many of the children
had an identified nutrition risk (eg,
underweight or overweight, chronic
or recurrent infections) or presented
frequently with episodes of illness to
the health service. Parents or carers
provided written informed consent
and agreed to their children having
annual health assessments, including
research evaluation assessments.
Potential participants were identified
by staff using the criteria described
above and were invited to join the
program. At Bulgarr Ngaru, there was
a waiting list of eligible families who
wanted to participate, but numbers
were limited by available funding.
Data collection and analysis
Retrospective health records audits
were used to compare the 12 months
before participation in the program
with the initial 12 months during par-
ticipation. These audits were only
completed if records for the entire 24
months were available. Health
records were reviewed from Aborigi-
nal health services, local hospitals and
any other nominated general practice.
The number of visits to any health
service for illness or preventive health
activities, the number of episodes of
common clinical conditions, the
number of visits to hospital emer-
gency departments and the number of
antibiotic prescriptions were com-
pared during each 12-month period.
In addition, each participant had a
health assessment, based on the
Medicare Benefits Schedule Indige-
nous Child Health Check, before par-
ticipation and 12 months after joining
the program. For all participants at
each health assessment height and
weight were measured and non-fast-
ing venous blood samples were
obtained to assess haemoglobin and
iron status. Height was measured
without shoes or thick socks using a
Seca 214 portable stadiometer or
S&M Instrument Co wall-mounted
stadiometer. The participant stood
with the heels together and the heels,
buttocks and upper part of the back
touching the upright of the stadiome-
ter. Children under 3 years who were
unable to stand unaided were meas-
ured supine using a Seca 210 baby
measuring mat on a firm surface.
Weight and body fat were measured
using a Tanita UM030 Body Fat Moni-
tor wearing light clothing only, with
empty pockets and shoes and socks
removed. Body fat was measured only
for children in the Clarence Valley  7
years, as per the Tanita recommenda-
tions. Children < 2 years who were
unable to stand unaided were
weighed on a Soehnle Professional
Babyscale 7725. Body mass index
(BMI) in kg/m2 was calculated for
children 2–17 years. Blood samples
collected from participants in the
Clarence Valley were analysed at the
Grafton Base Hospital pathology lab-
oratory. Haemoglobin was analysed
on a Roche Diagnostics Sysmex XT-
2000i haematology analyser. Serum
iron and serum ferritin were analysed
on a Roche Diagnostics Cobas Integra
800 chemistry analyser. Blood sam-
ples collected in Coffs Harbour and
the Nambucca Valley were analysed at
Symbion Laverty Pathology, Coffs
Harbour. Full blood counts were ana-
lysed on a Sysmex XT-2000i haema-
tology analyser. Serum ferritin assays
were performed on the Siemens
ADVIA Centaur XP automated
immunoassay system. Serum iron was
measured on the Siemens ADVIA
2400 chemistry system.
Statistical analysis
The mean and 95% confidence inter-
val of changes in the number of health
service visits, common clinical condi-
tions and antibiotic use, anthropo-
metric measurements and levels of
haemoglobin, iron and ferritin were
evaluated in IBM SPSS Statistics, ver-
sion 19 using a paired sample t test
and a general linear model to adjust
for sex, age and community. The
mean changes in these outcomes
were assessed overall and by commu-
nity, owing to differences in program
implementation in each community.
The analysis was based on complete
data with no imputation for missing
values. Based on an international
classification of BMI centiles for age,6
the proportions of children who were
underweight, normal weight, over-
weight and obese before participation
were compared with the proportions
after participation using the Stuart–
Maxwell test of marginal homogene-
ity. The proportions of children with
low haemoglobin, ferritin and iron
before and after participation were
compared using the McNemar test.
Ethics
Ethics approval was obtained from the
University of Melbourne Human
Research Ethics Committee, Univer-
sity of South Australia Human
Research Ethics Committee, the Abo-
riginal Health and Medical Research
Council of NSW and the North Coast
Area Health Service human research
ethics committee. Community con-
sent was obtained from the boards of
the three participating health services.
The results of each child’s pathology
results were discussed with parents or
carers, and overall summary results
were discussed in community focus
groups in the Clarence Valley.
Results
The demographic characteristics of
174 children who participated in the
fruit and vegetable program are pre-
sented in Box 1. Of these, 167 children
had an initial health assessment
including anthropometry completed
at baseline.
Retrospective clinical audits were
completed for 167 children whose
families received at least one box of
subsidised fruits and vegetables.
Seven children did not have clinical
audits: three whose families moved
from the area, and four whose fami-
lies were withdrawn from the pro-
gram for non-compliance with initial
assessments.
After 12 months, 143 children had
follow-up health assessments. Of
those who did not complete follow-
up assessments, nine were from fami-
lies who moved from the area, nine
failed to attend appointments and 13
were from families who dropped out
of the program. The median period
between baseline and follow-up
health assessments was 370 days47MJA 199 (1) · 8 July 2013
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the Clarence and Nambucca Valleys
combined, 30 of 43 families collected
75% or more of the fruit and vegeta-
ble boxes available to them over the
12 months. These data were not avail-
able for Coffs Harbour.
Anthropometric changes
At the initial assessment of 134 chil-
dren aged 2–17 years, 4.5% (6) were
underweight, 67.2% (90) were normal
weight, 14.9% (20) were overweight
and 13.4% (18) were obese. Of 125
children aged 2–17 years who were
reassessed after 12 months, 4.0% (5)
were underweight, 66.4% (83) were
normal weight, 16.8% (21) were over-
weight and 12.8% (16) were obese.
There were no significant differences
in the proportion of children in each
weight category after the fruit and
vegetable program compared with
baseline (2[3,125] = 1.33; P = 0.721).
There was also no significant change
in the mean percentage body fat after
12 months on the program compared
with baseline (22.5% versus 22.1%)
among the subgroup of 22 children
aged  7 years who had this assessed.
Health outcomes
The unadjusted data from clinical
audits for the overall sample showed
that during program participation the
mean annual numbers of visits to any
health service for illness, hospital
emergency department attendances
and oral antibiotic prescriptions were
significantly lower (P = 0.037, P =
0.017, P = 0.001, respectively) (Box
2). There was also a non-significant
reduction in episodes of pyoderma
during program participation (P =
0.093). After adjustment for sex, age
and community, only the reductions
in illness-related health service or
hospital visits and in prescribing of
oral antibiotics remained statistically
significant (Box 3). An additional
adjustment of change scores for the
baseline values in the covariate-
adjusted models yielded no differ-
ences in the conclusions drawn other
than a loss of statistical significance
for the observed reduction in illness-
related visits ( 0.5; 95% CI,  1.0 to
0.03).
Changes in haemoglobin and 
iron status
A small, non-significant increase of
1.5 g/L (P = 0.076) in the mean hae-
moglobin level was shown; this effect
increased in magnitude to 3.1 g/L and
was statistically significant after
adjustment for community, sex and
age (Box 4). An additional analysis
adjusting for baseline haemoglobin
level did not change this conclusion.
Comparing the individual communi-
ties, a large, statistically significant
increase in mean haemoglobin level-
was shown at Bowraville (7.8 g/L) but
not in Coffs Harbour or the Clarence
Valley (P < 0.001 for difference
between communities). The propor-
tion of participants with anaemia
decreased by 3% compared with
baseline (Box 4). Iron deficiency,
based on serum ferritin, was common
at baseline (41%). There were small
decreases in the proportion of fruit
and vegetable program participants
with low ferritin and iron levels; how-
ever, there were no significant differ-
ences in mean serum ferritin and
serum iron levels after the fruit and
vegetable program compared with
baseline with or without adjustment
for community, sex and age (Box 4).
Additional adjustment for baseline
iron and ferritin levels did not change
these findings.
Discussion
Aboriginal children from the NSW
north coast who participated in this
fruit and vegetable subsidy program
had significantly fewer oral antibiotic
1 Baseline demographic characteristics of participating children, in total and by 
community
All communities Clarence Coffs Harbour Nambucca
No. of families 55 30 12 13
No. of children 174 90 36 48
No. of boys 82 46 18 18
Age in years, mean (SD) 7.6 (4.2) 7.5 (3.8) 11.0 (3.3) 5.8 (4.3)
Children with at least one 
smoker in household*
107/164 62/90 18/36 27/38
Families receiving 
unemployment benefits, 
pensions, no./total
51/55 28/30 10/12 13/13
* Proportion of participants with a valid response to the number of smokers in the household. ◆
2 Retrospective clinical audit data for health outcomes among participants for the 
12 months before and 12 months after starting the subsidised fruit and vegetable 
program (n = 167)*
* Error bars show 95% CI. † Illness-related visits to health services. ‡ Preventive health-related visits to 
health services. § Number of prescriptions. ◆
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Topical 
antibiotics‡
*
0.06 
(0.2 to 0.1)
*
0.1 
(0.2 to 0.1)
months’ participation) 
◆prescriptions over 12 months com-
pared with the preceding year. The
proportion of overweight or obese
children after participation in this pro-
gram did not change. Although
height, weight and BMI had all
increased significantly at the 12-
month follow-up as expected in chil-
dren, there was no change in the
percentage body fat among a sub-
group who had this assessed. The
prevalence of iron deficiency at base-
line was 41%, with anaemia in 8%.
There was a small but statistically sig-
nificant increase in the mean haemo-
globin level and a reduction in the
proportion of children with anaemia,
but only a non-significant 4%
decrease in iron deficiency.
Our study demonstrates the poten-
tial to undertake evaluation studies in
an Aboriginal community-controlled
health service, despite the inherent
limitations in a busy community-ori-
ented service organisation. It is also
an example of an Aboriginal commu-
nity-directed program, which are far
more common than intervention
research, although few are docu-
mented in academic literature.
The nutritional challenges in this
group of disadvantaged Aboriginal
children are consistent with those
reported in a study of other towns in
northern NSW.7 Low intakes of fruits
and vegetables and high intakes of
energy-dense, nutrient-poor foods
were reported among both Aboriginal
and Torres Strait Islander and non-
Indigenous children aged 9–13 years,
with a particularly high intake of
sodium, calories, fat, sugary drinks
and white bread by Indigenous boys.7
Although the nature of the interven-
tion in our study differed from other
nutrition interventions in remote
Aboriginal communities, such as the
Looma Healthy Lifestyle Program8 in
Western Australia and the Minjilang
Health and Nutrition Project9 in the
Northern Territory, a common feature
of these successful programs was
strong community engagement. This,
together with ongoing relationships,
underpins other current Aboriginal
community research programs.10,11
Community support for our healthy
food program was fostered by the 88%
subsidy for fruits and vegetables.
Lower subsidies of 10%–20% have
been used in other recent healthy food
research and modelling studies.12-14
The higher subsidy used in this pro-
gram reflects the substantial chal-
lenges and barriers to healthy
nutrition faced by disadvantaged
Aboriginal and Torres Strait Islander
families. However, it is consistent with
the WIC program (Special Supple-
mental Food Program for Women,
Infants, and Children) in the United
States and the Healthy Start program
in the United Kingdom, which provide
free healthy foods to low-income
pregnant women and young children.
The WIC program, in particular, has
been shown to improve the nutritional
status of participating women and
children and pregnancy outcomes.15-19
There are still questions about the
cost-effectiveness of these healthy
food subsidy programs and whether
the impacts on nutritional status are
sustained.15,20,21 Food subsidies
remain topical in Australia, given
increasing concerns about food
insecurity22 and as a policy alternative
to compulsory income management
and cash entitlements for low-income
families.
The before-and-after uncontrolled
study design limits the strength of our
data. Regression to the mean due to
paired data and the normal reduction
in rates of childhood illnesses in older
children may have also contributed to
the findings.23 Regression to the mean
was accounted for through use of all-
covariate adjusted models that
included age, sex and community, in
addition to the baseline value for each
outcome analysed. It is also possible
that other unrelated environmental fac-
tors contributed to the improvements
in nutrition and health outcomes, such
as local early childhood and school
nutrition programs.24,25 In addition, the
health record audits may be subject to
incomplete ascertainment, due to the
ability of patients to potentially access
more than one primary health care
service and the lack of linkage of hospi-
tal records across area health services. It
is not possible to predict the impact of
this on the findings; however, it is likely
to have had a similar impact before and
after participation.
4 Changes in haemoglobin and iron status among fruit and vegetable program participants (n = 129)
Mean level (SD) -score (95% CI) Proportion classified as low
Before After Unadjusted mean Adjusted mean* Before (no. [%])† After (no. [%])† P
Haemoglobin (g/L)‡ 126.8 (12.3) 128.2 (10.5) 1.5 (0.2 to 3.1) 3.1 (1.4 to 4.8)** 12/150 (8%) 7/137 (5%) 0.453
Ferritin (g/L)§ 33.3 (24.2) 35.2 (22.5) 3.2 (0.5 to 6.2) 1.7 (2.5 to 6.0) 63/152 (41%) 51/139 (37%) 0.440
Iron (mol/L)¶ 12.7 (6.0) 13.2 (5.3) 0.5 (0.6 to 1.6) 0.8 (0.5 to 2.0) 43/152 (28%) 32/139 (23%) 0.405
*Adjusted for sex, age and community. † 129 participants had valid haemoglobin, ferritin and iron at baseline and follow-up. Additional participants had 
valid pathology at either baseline or follow-up as shown. ‡ Reference interval (RI): 5 years, 115–140 g/L; < 5 years, 105–140 g/L. § RI: boys, 20–200 g/L; 
girls, 29–200 g/L. ¶ RI, 11–28 mol/L. ** Significantly different to zero (P < 0.05). ◆
3 Change in health outcomes among Aboriginal children participating in the subsidised fruit and vegetable program (n = 167)
Sick 
visits*
Well 
visits†
Otitis media 
episodes
Pyoderma 
episodes
Hospital 
attendances
Oral 
antibiotics‡
Unadjusted mean -score§ 
(95% CI)
0.6 
( 1.1 to 0.04)**
0.1 
(0.3 to 0.03)
0.1 
(0.2 to 0.06)
0.2 
(0.4 to 0.03)
0.3 
(0.5 to 0.05)
0.5 
(0.8 to 0.2)*
Adjusted¶ mean -score 
(95% CI)
0.6 
( 1.2 to 0.001)**
0.2 
(0.3 to 0.01)
0.1 
(0.2 to 0.06)
0.2 
(0.4 to 0.05)
0.2 
(0.4 to 0.1)
0.5 
(0.8 to 0.2)*
* Illness-related visits to health services. † Preventive health-related visits to health services. ‡ Number of prescriptions. § (Number of episodes per year during 12 
(number of episodes in the year before program participation). ¶  Adjusted for sex, age and community. ** Significantly different to zero (P < 0.05).49MJA 199 (1) · 8 July 2013
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MJA 199 (50We showed an association between
subsidised fruits and vegetables and
short-term health improvements in
this study. We have previously
reported increased plasma biomarkers
of fruit and vegetable intake among
participants,4 which supports the
hypothesis that improvements in die-
tary intake contributed to improved
health outcomes. A controlled study is
needed for further confirmation of
these findings and to allow investiga-
tion of the cost-effectiveness of such a
program. Our findings are consistent
with prospective studies demonstrat-
ing an association between healthy
nutrition and improved long-term
health outcomes.26,27
A larger trial is warranted to inves-
tigate the sustainability and feasibility
of healthy food subsidy programs in
Australia. The program could be
adapted to target low-income families
more generally. The design of future
healthy food subsidy studies needs to
allow us to distinguish between the
relative contribution of fruit and vege-
tables and comprehensive primary
health care to the improved out-
comes. This program aimed to engage
families in preventive health activities
more fully than previously, which may
also have contibuted to the observed
health outcomes. This is relevant,
given the cost of food subsidies and
the need to target effective interven-
tions. Food subsidy programs in the
US operate independently of health
services, although the WIC program
assists participants to access health
and social services.28
This fruit and vegetable subsidy
program was assoc iated with
improvements in some indicators of
short-term health status among dis-
advantaged Aboriginal children.
These health outcomes and the asso-
ciated improvements in biomarkers of
fruit and vegetable intake4 have the
potential to reduce health disparities
in the population.
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